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Abstract
Background Management of moderately displaced slipped 
capital femoral epiphysis (SCFE) is debated, mostly because 
of the risks related to open reduction on one hand, and sub-
sequent evolution toward femoroacetabular impingement 
(FAI) on the other.
Method All SCFE cases treated with in situ fixation (ISF) and a 
minimum of ten years of follow-up beyond skeletal maturity 
were analysed in a retrospective multicentre study. Coxome-
try parameters were measured. Long-term results of ISF were 
meanwhile analysed at our Institution. 
Results A total of 222 patients were included. Patient report-
ed outcome measurements were related to the severity of the 
initial slip. It suggested a 35.5° threshold for slip angle be-
yond which FAI was more frequent. Only slight remodelling 
at the head-neck junction is to be expected. 
Conclusion Based on these findings, it seems reasonable to 
perform ISF only in SCFE with a slip angle below 35°.
Keywords: slipped capital femoral epiphysis; SCFE; in 
situ pinning;  femoroacetabular impingement; hip
Introduction
Back in 2012, commonly admitted guidelines for 
slipped capital femoral epiphysis (SCFE) management 
in France 
consisted of in situ fixation (ISF) in cases of mild displace-
ment and open reduction in cases of severe displace-
ment. Ideal management of moderately displaced cases 
was debated, mostly because of the risks related to open 
reduction on one hand and subsequent evolution toward 
femoroacetabular impingement (FAI) on the other. The 
French Orthopedic Society (SoFCOT) therefore carried out 
a retrospective multicentre study to assess mid- and long-
term outcomes of ISF and to determine a critical slip angle 
threshold above which FAI is likely.1 Long-term results of 
ISF were meanwhile analysed at our institution.2
Material and methods
All SCFE cases treated with ISF with a minimum follow-up 
of ten years beyond skeletal maturity were included. 
Post-operative radiographs included Dunn lateral hip view 
with measurement of posterior slip angle and coxom-
etry. At latest follow-up, clinical impingement tests and 
Oxford-12 Hip score were applied. Imaging included the 
same data as on immediate post-operative assessment, 
with the alpha angle on lateral hip view. Osteoarthritis 
was assessed according to Tönnis classification. Signs of 
FAI included: convexity at the junction between femoral 
head and neck; head flattening; osteophytes; and herni-
ation pit. Any revision surgery other than metal removal 
was recorded.
Results
A total of 222 patients were included (222 hips). Mean age 
at diagnosis was 12.8 years. Mean pre-operative slip angle 
was 38.8° (14° to 70°). Mean age at latest follow-up was 
28.2 years and mean follow-up was 11.2 years. At latest 
 follow-up, mean acetabular roof angle was 11.4° (3° to 46°), 
centre edge (CE) angle was 30° (10° to 68°) and anterior 
coverage angle 31° (8° to 70°). There were no significant 
differences between pre-operative and latest follow-up 
coxometric variables (p < 0.05). Mean alpha angle at latest 
follow-up was 69° (27° to 110°). Mean global Oxford score 
was 14.86 (12 to 37), corresponding to satisfactory joint 
function not requiring formal treatment. In total, 88% of 
hips were Tönnis grade 0 or 1 (122 grade 0 and 73 grade 1). 
While 17 hips underwent revision surgery over the mean 
11.2 years of follow-up: FAI in six cases; disabling pain due 
to advanced osteoarthritis in six cases; avascular necrosis 
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in three cases; and joint impingement due to prominent 
screws in two cases. The 15 hips showed pain in flexion and/
or abduction, suggesting FAI, six of which required surgical 
revision. The Wilcoxon test for small samples displayed no 
correlation between pre- or post-operative slip angle and 
FAI. Spearman correlation between pre-operative South-
wick angle and severity on follow-up Oxford score showed 
a highly significant coefficient of 0.0003: the greater the 
angle, the poorer the score. Receiver operating character-
istic survival curves, used to determine an epiphyseal slip 
threshold beyond which impingement would be signifi-
cantly more frequent and Oxford score impaired, plotting 
onset of impingement against pre-operative slip angle, 
found median sensitivity and specificity both around 0.53 
for 35.5° to 39.5° slips; there was thus a trend for impinge-
ment after ISF in SCFE exceeding 35°. A retrospective anal-
ysis of a series of 12 cases at our institution demonstrated 
the same results at a mean 26 years of follow-up (Fig. 1).2 
Discussion
Our study demonstrated that patient reported outcome 
measurements (PROMs) were related to the severity 
of the initial slip. It suggested a 35.5° threshold for slip 
angle beyond which FAI was more frequent. In the 222 
hips, there were only 15 cases of FAI and relatively low 
medium-term osteoarthritis, with 88% of patients graded 
 Tönnis 0 or 1. A recent study from de Poorer et al about 78 
hips also treated with ISF at a mean of 18 years of  follow-up 
showed no differences between mild and moderate slips 
in terms of functional and radiological outcomes.3 How-
ever, severe slips were associated with a high rate of hip 
osteoarthritis and bad PROMs. 
This was the first report of coxometric results in SCFE 
with such a long follow-up. It indicated only slight remod-
elling at the head-neck junction. This is consistent with pre-
vious work from DeLullo et al, which showed  persistence 
of femoral neck deformity at a mean 7.5 year f ollow-up.4 
When secondary surgery is indicated in the case of FAI, 
it is recommended that anatomy is considered (coxome-
try, coxa vara, acetabular retroversion, etc) to select the 
 treatment option.5
Based on these findings, it seems reasonable to perform 
ISF in SCFE with a slip angle less than 35°. High-grade slips 
are best managed with open reduction. For those cases 
with a slip in the range of 35° to 50°, initial ISF and sec-
ondary osteochondroplasty or subtrochanteric osteotomy 
when the patient shows signs of FAI is acceptable. Initial 
open reduction, provided an experienced surgeon is avail-
able, is an alternative.6
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